Nosocomial or hospital acquired infections are a major challenge for low and middle income countries (LMICs) which have limited healthcare resources. Risk factors include the lack of appropriate hospital facilities such as isolation units, bed space, and sinks; inadequate waste management, contaminated equipment, inappropriate use of antibiotics and transmission of infection from the hands of healthcare workers and family caretakers due to inadequate hand washing. Nosocomial infections increase the costs of healthcare due to added antimicrobial treatment and prolonged hospitalization. Since the prevalence of nosocomial infections is generally higher in developing countries with limited resources, the socio-economic burden is even more severe in these countries. This review summarizes the current knowledge on the risks of hospital acquired infections and summarizes current recommendations for the development of hospital infrastructure and the institution of protocols to reduce these infections in LMICs such as Bangladesh.
Introduction
Nosocomial or hospital acquired infections (HAIs) are a major challenge for low and middle income countries (LMICs) which have limited healthcare resources. HAIs are acquired infections that were not previously present in the patient prior to hospital admission [1] . The risk of health-care-associated infection has been estimated to be two to twenty times higher in developing countries than that of resource-rich countries with the percentage of infected patients exceeding 25% [2] - [6] . The highest frequencies of nosocomial infections reported from hospitals in the Eastern Mediterranean and South East Asia Regions are 11.8% and 10.0% respectively. Accurate data on HAIs are not available due to limited record keeping and follow-up of patients in large urban hospitals in LMICs. Hospital acquired infection rates in Bangladesh may exceed 30% in some hospitals [7] .
Since HAIs are transmitted via hands of healthcare workers, hand washing remains the single most important means to prevent infection [8] - [10] . World Health Organization (WHO) publications have emphasized hand hygiene as a key measure to reduce nosocomial infections [7] . In 2006, the Ministry of Health and Family Welfare of Bangladesh signed an agreement with WHO for implementing the pilot activities on hand hygiene in Bangladesh and began a hand hygiene campaign, called as "Clean Care is Safer Care"-A Country Commitment [11] .
In Bangladesh, health-care facilities have deficiencies in their structural design, which include the lack of sufficient sinks, bedside hand-rub dispensers and patient isolation facilities. Management of hospital waste is another neglected area [12] . The indiscriminant use of antibiotics also contributes to very high infections in developing countries [13] . Other factors such as the lack of awareness of infection control problems, and individual behavior can impede the prevention of hospital-acquired infections.
Nosocomial infections increase the costs of healthcare due to added antimicrobial treatment and prolonged hospitalization. Since the prevalence of nosocomial infections is generally higher in developing countries with limited resources, the socio-economic burden is even more severe in these countries [14] . This review summarizes the current knowledge on the risks of HAI and summarizes current recommendations for the development of hospital infrastructure and the institution of protocols to reduce HAIs in LMICs such as Bangladesh.
Review of Existing Literature on Hospital Acquired Infections in Bangladesh
Data on infection rates are limited to a small number of reports and can be divided into postoperative infections and hospital transmitted nonsurgical infections. A range of surgical infection rates has been reported in Bangladesh and is related to the type of surgery and the type of hospital where the surgery was performed. In an early report of sterilization procedures in Bangladesh, the death rate from infection was 21 per 100,000 procedures [4] . A review of 124 eclamptic patients who were delivered by cesarean section identified a morbidity rate including infections of 53% [15] . There was a 7% infection or sepsis rate after percutaneous nephrolithotomy [16] . Total thyroidectomy at the major teaching hospital of Dhaka had a postoperative wound infection rate of 2% [17] . In a review over 17 years at a mission hospital, there was a 3% infection rate after pediatric surgical procedures for congenital anomalies [18] . These surgeries cannot be compared to surgeries done in public hospitals as these specialty procedures were performed by foreign visiting doctors who brought in their own equipment and sterilization techniques and thus did not have the same infrastructure challenges that local surgeons had. Reduction in surgical site infections is associated with minimally invasive surgeries. A review of laparoscopically assisted vaginal hysterectomy and vaginal hysterectomies at a tertiary diabetes hospital in Bangladesh showed an average febrile morbidity of 1.6% and urinary tract infections of 1.2%, which is considerably lower than that for laparotomy cases [19] .
A preliminary report from Dhaka Medical College Hospital (DMCH) in 1990 on antibiotic use for surgical site infection noted a reduction of HAIs form 3.9% to 0.5% with the initiation of antibiotics at induction of anesthesia [20] . This led to a department-wide change in antibiotic protocols for surgical procedures. However, nosocomial infections continue to be a major problem in big public hospitals. In 1991, a cross-sectional study on the nosocomial infection rate was 30% at DMCH [21] . Twenty years later, a 2011 report from DMCH that reviewed infection rates on the surgical and burn units identified a 46.2% rate of nosocomial infections [22] . Wound infections were the most common type of infection followed by upper respiratory tract infection, urinary tract infection, and gastrointestinal infections. Risk factors included older age (62.5% of infections), postoperative patients (63.5% of infections), and an increasing number of visitors per patients per day [22] . An observational study at three public tertiary care hospitals in Bangladesh identified family caretakers as a potential source of infection transmission [23] . Family caregivers traditionally provide nursing care, cleaning care, support, and food to inpatients in Bangladesh [24] . During the observations of 2065 episodes of care, family members were observed washing their hands on only four occasions [23] .
Non-surgical HAIs have also been studied in Bangladesh hospitals. The leading non-surgical HAIs include respiratory and gastrointestinal illnesses. The incidence of hospital-acquired diarrhea at three tertiary care public hospitals was 4.8 cases per 1000 patient days during the 2007-2010 period [25] . Transmission was through fecal-oral route. Risk factors included hospital stay greater than 3 days. Pediatric patients were much more susceptible to these HAIs than adult patients and three deaths from HAI diarrheal illness were reported in this study. The investigators identified a 4% incidence of diarrheal disease among healthcare workers who worked a mean of 2.5 days while ill suggesting another possible source of transmission to patients. Hospital-acquired respiratory illness in Bangladeshi tertiary care hospitals was evaluated in another study [26] . One out of every 20 patients with a hospital stay greater than 3 days developed a hospital acquired respiratory infection with an incidence rate of 6.1 cases per 1000 patient days. There was a 27% incidence of respiratory illness in health care workers working during this surveillance period again raising concern about healthcare worker-to-patient transmission of illness.
Specific Examples of Barriers to Infection Control at a Large City Hospital in Bangladesh
The physical hospital plant, the configuration of the patient wards, and caretakers of patients, both family members and healthcare workers, are major factors in hospital-acquired infections. Overcrowding in large tertiary care public hospitals is a major factor to the transmission of infections in LMICs [27] . The number of patients admitted often exceeds the number of beds available. This leads to doubling patients in each bed, and placing patients on the floor in hallways and stairwells (Figures 1-3) . Patients with severe illness and contagious infectious diseases are housed in the same ward [26] . Infrastructure and contamination of the physical environment in three Bangladeshi hospitals identified many key concerns [28] . The physical structure was commonly an open ward with windows that could not be opened (Figure 4) . Sanitation facilities were limited. The wards were overcrowded. Waste disposal was limited and included open buckets under patient beds that were emptied once a day. Surfaces such as floors, walls, bedcovers, and other furniture were soiled with secretions and excretions. Animals such as feral cats roamed the wards and mosquitoes were present. Not all hospitals had mosquito nets for patients. Nosocomial spread of dengue in hospital is a big risk to hospitalized patients in Bangladesh where dengue is endemic [29] .
Other observations pertained to transmission of infectious agents by healthcare workers. Medical instruments such as stethoscopes were used without cleaning between patients. Hand washing was limited and doctors rarely used gloves were examining patients [28] .
Root Cause Analysis

Spread of Hospital Acquired Infection
Hospital acquired infections can be caused by microorganisms already present in the patient's skin and mucosa (endogenous) or by microorganisms transmitted from another patient or from surrounding environment (exogenous). There are three common modes of transmission; direct contact, indirect contact through contaminated objects, and airborne droplets.
Direct physical contact between the source and the patient, such as person-to-person contact occurs between the patient and healthcare providers and/or family members [30] .
Indirect contact can occur with contaminated inanimate objects like improperly sterilized instruments, dressing materials; contaminated fomites such as bed pans, blankets, and furniture [31] . The third mode of transmission is droplet infection which is the passage of the infectious agents through the air when the source and patient are in close proximity through sneezing and coughing [32] .
In most cases, the hands of the health care workers are the source or the vehicle for transmission of microorganism from patient's skin into mucous (such as the respiratory tract) or normally sterile body compartments such blood, cerebrospinal fluid, and pleural fluid, and from other patients or the contaminated environment [30] [33]. One solution that nurses have used in LMICs is to have the patients' families perform hands-on-care for the patient and not touch the patients themselves in a setting with limited hand washing facilities [34] .
Development of Hospital Acquired Infection
Incidence of HAIs is highest in large teaching or academic hospitals. An evaluation of high-risk patients has identified many medical interventions that can also increase nosocomial infections [35] . Any type of invasive procedure can expose a patient to the possibility of infection. Some common procedures that increase the risk of hospital-acquired infections include urinary bladder catheterization, respiratory procedures such as intubations or mechanical ventilation, gastric drainage tubes into the stomach through the nose or mouth, which can lead to aspiration pneumonia and infections of the sinus cavity, and invasive intravenous monitoring [36] . For instance in one hospital in Italy, a seven-month, multi-ward epidemic of multidrug-resistant Acinetobacter baumannii (MDRAB), an important cause of hospital acquired infection, was identified as starting predominantly in patients receiving invasive monitoring [37] .
In a 2010 study of the microbiology of nosocomial infections in tertiary hospitals in Dhaka, Bangladesh, the majority of infections were Escherichia coli followed by Pseudomonas, Proteus species, Staphylococcus aureus, Klebsiella species, and Acinatobacter [38] . All infections were antibiotic resistant which is thought to be due to the widespread use of antibiotics. The leading risk factor was hospital stay greater than three days. Interestingly, different organisms were isolated from different objects. For instance, Escherichia coli was isolated from the operating table, the floor, and tap water, Pseudomonas was isolated from boiled water, and Proteus was isolated from operating room gloves [38] .
Consequences of Nosocomial Infections
Nosocomial infections, or hospital-acquired infections (HAI), are among the most significant causes of morbidity and mortality in healthcare settings throughout the world [27] [37] [39] . The most common types of nosocomial infections are surgical wound infections, respiratory infections, genitourinary infections and gastrointestinal infections. The mortality attributed to nosocomial infection varies by country. Direct cause of death of one percent was reported from the United States [40] . In Thailand, there has been a rising incidence of hospital-acquired bacteremia (HAB) and healthcare-associated bacteremia (HCAB) [41] . Between 2004 and 2010, the incidence rate of HAB rose from 0.6 to 0.8 per 1000 patient-days and the cumulative incidence of HCAB increased from 1.2 to 2.0 per 100 readmissions. In a report from North Thailand, a total of 3424 patients out of 1,069,443 (0.3%) at risk developed HAB and 2184 out of 119,286 (1.8%) at risk had HCAB. Of these 1559 (45.5%) and 913 (41.8%) died within 30 days, respectively. Pneumonia, primary bacteremia, and meningitis are more likely to cause death [41] .
Transmission of an infection with methicillin-resistant Staphylococcus aureus (MRSA) was associated with crowded bed occupancy [42] . Nosocomial infections furthermore increase the costs of healthcare due to added antimicrobial treatment and prolonged hospitalization. There is also the uncounted cost to society of the debility and death of its citizens from these infections.
Apart from causing morbidity, mortality and economic loss, nosocomial infections compromise medical and surgical treatment outcomes. These patients then become sources for spread of infections to other patients, medical personnel or family members before and after discharge [43] .
Recommendations
Organization of Hospital Acquired Infections Control Program in Bangladesh
Hospital acquired infections constitutes an important health care problem in Bangladesh. An effective infection-control program must include the following as a minimum standard in an acute care hospital.
Improvement of Structural Design
• Bed-to-bed distance: In the Netherlands, a country with adequate medical resources, the bed-to-bed distance of 150 cm is recommended. In countries with limited medical resources such as Turkey, bed-to-bed distances are reported at 100 cm. The infection rates are 7.2% and 13.4% respectively in the Netherlands and in Turkey [44] . In Bangladesh, the number of patients in need of admission to tertiary hospitals always exceeds the capacity for which it is designed and staffed. Creative solutions must be considered. For instance, crowding may be reduced by efficient discharge and shorter hospital stays. One option is to transfer the patients after improving from the acute crisis to their nearby district or upazilla hospitals in their communities.
• Specific isolation rooms: Most of the hospitals in LMICs do not have specific isolation rooms. Severely infected patients and patient harboring dangerous organisms should be isolated and placed in separate rooms. • Sinks and hand-rub dispensers: Every ward should have at least one sink. Hand-rub dispensers should be available at each bedside in each ward.
Hand Hygiene Compliance
Hand hygiene compliance was defined as hand washing with antiseptic soap and water-based or alcohol-based hand rubs for each of WHO's five moments for hand hygiene [45] [46] . Healthcare workers and family members should be educated with posters placed liberally around hospital corridors, in patient rooms, and in wards.
Hand washing instructions are summarized in Table 1 .
Hand hygiene compliance was achieved when the health workers performed this correctly. Multi-disciplinary focus groups were crucial to focusing infection-prevention programs on the target of interest and contributed to improved adherence to hand-hygiene protocols and reduced rates of HAIs [47] [48] . Hospitals should provide 70% ethyl alcohol and soap to healthcare workers for disinfecting their hands before and after touching patients and provide training and rewards for compliance. The benefit derived from hand hygiene protocol undoubtedly overweighs the cost of alcohol and soap [49] . Table 2 summarizes the steps for aseptic technique [50] . All health care staff must maintain full aseptic precaution during any procedures that penetrate a body barrier. Procedures include the following: 1) All major and minor surgical procedures; 2) Surgical dressing; 3) Intravenous fluid administration; 4) Urethral catherization; 5) Intubation; and 6) Endoscopy.
Aseptic Precaution during Major and Minor Procedures
Knowledge and Practice of Hospital Waste Disposal and Management
There is lack of attention on hospital waste management in both governmental and non-governmental sectors of Bangladesh. Due to the rapid increase of healthcare establishments in the country, the problem is also increasing [51] [52] . Knowledge about hospital waste and its management is very poor among health workers. A study conducted in one tertiary hospital of Bangladesh identified significant knowledge deficits among senior staff Table 2 . Steps for aseptic technique.
STEPS OF ASEPTIC TECHNIQUE
1. All procedures should be done in a designated isolated room 2. Personal protective equipment must be used including gloves, gowns, shoe covers, face shields, goggles and surgical masks 3. Use appropriate procedures for sterilization and disinfection of instruments and equipment 4. Clean and disinfect the dressing trolley 5. Wash and dry the hands; disinfect the hands and use sterile gloves 6. Clean and disinfect the area of procedure 7. Sterile draping of patient in the area of the procedure 8. In cases of major surgeries the appropriate antibiotics should be given within 1 hour of incision. Antibiotics should be discontinued within 24 hours of surgery 9. After the procedure, place the dirty instruments and the soiled material in proper container, clean and disinfect the trolley, wash and dry hands again nurses on hospital waste management [53] . Table 3 shows the results of knowledge testing.
In another cross-sectional study of seven hospitals in the Dhaka division of Bangladesh (1-tertiary, 3 secondary, and 3 primary level hospitals), 30% of medical doctors and nurses and 60% of technologists and cleaning staff had inadequate knowledge of waste disposal. Five major problems were identified: lack of personal protective equipment, lack of equipment for final disposal of waste, lack of medical waste management-related staff, no proper policies or guidelines, and lack of a medical waste incinerator [54] .
Implementation of Waste Management in Hospitals of Bangladesh
The Ministry of Health in Bangladesh addressed medical waste management as one of the priority programs and mandated the development of a national hospital waste management committee to handle the management of medical waste in all hospital level [55] . Table 4 and Table 5 summarize the guidelines for waste management [56] .
Rational Use of Antibiotics
There is renewed focus on in appropriate use of antibiotics in developing countries, where the major burden of antibiotic resistance may exist [57] . The World Health Organization summarized the existing literature and the findings of antibiotic resistance [58] . WHO recommendations include the need to educate the public and to control and monitor pharmaceutical company promotional activities in the hospital environments. In an observa- Table 5 . Guidelines for waste management.
ACTION PROTOCOL
Placement of color bins
Appropriate container should be placed at all important location where particular wastes are generated. Instruction on waste identification should be pasted over the containers.
Waste collection
Content of the container should not exceed three-quarters of its capacity. Collection of waste in colored bag or colored covered bins with tie the neck tightly. During collection, containers should be replaced with a new one.
In-hospital transportation of waste
Removal of waste must be executed within 24 hours. Waste should be transported by designated trolley through the designated route.
Disposal of contaminated waste procedure
Specimens from patients with high-risk infections (such as hepatitis viruses or HIV) should be conspicuously labeled with risk stickers. Specimens should be transported in approved containers.
Personal hygiene
At the end of official hours, health care workers and waste handlers should ensure about the cleanliness of working place. They should wash hands and change the working dress before leaving for home.
Roles and responsibilities of personnel
Institutional head should develop a waste management committee and all the doctors should take part in proper implementation of activities. Nurses should identify and segregate the waste according to classification at the point of generation and also they should conduct health education session for the patient and attendant on medical waste management. All the senior staff should be careful about supervision and monitoring of the subordinate staff activities.
tional study of one hospital with a computerized prescribing guideline system that encouraged appropriate use of antimicrobials, analysis showed that hospital-acquired infections with resistant bacteria was reduced within seven-year period [59] . Widespread use of antibiotics also contributes to antibiotic resistance. A cross-sectional study from Saudi Arabia evaluated 327 pharmacies. Antibiotics were given without prescriptions 77.6% of the time [60] . Misuse of antibiotics in LMICs is common. Antibiotics are usually obtained from street pharmacies, used indiscriminately, and are a major cause of antibiotic resistance [61] .
Clinical practice guidelines must be developed and enacted in LMICs. Guidelines will improve decision-making and therefore improve patient care. Such treatment guidelines need to be developed carefully and their implementation reviewed regularly.
Education and Training of Health Care Workers
A study examining training on the handling and the disposal of medical waste in a tertiary care hospital revealed that only 8.5% respondents received training [62] . Training in waste management, aseptic technique, antibiotic use is essential and should be made compulsory for all healthcare facilities specially nursing staff to get their healthcare personnel trained from accredited training centers. These training sessions should be done on a continuous basis.
Formulation and Implementation of National Guidelines on Basic Infection Control Measures
Resource-limited countries should develop national infection-control guidelines based on practical, evidencebased, low-cost, and simple preventive strategies [63] . Government hospitals and most of the private hospitals rarely have protocols in place. There is a great need for the development of guidelines and programs for basic infection control practices in all hospitals.
Guidelines should be evaluated after a certain period of implementation. Their effectiveness should be assessed by organizing audits as a standardized and systematic review of practice with timely feedback [64] [65].
Conclusion
Hospital acquired infections usually only receive public attention when there are epidemics. Although hidden from public attention, HAIs are a very real endemic and on-going problem. Maintaining a safe and hygienic work environment prevents the spread of HAIs. An effective infection control program in an acute-care hospital must include trained nursing staff, dedicated physicians in infection control, microbiological support, and data management support. We need improved healthcare structures, increased knowledge, effective guidelines, behavioral changes and attitude adjustment to reduce HAIs in Bangladesh.
